Three Peruvian flood plain forests adjacent to the Ucayali river were sampled using nine 1 ha permanent sample plots in which stems exceeding 10 cm DBH were identified and measured. These plots were measured four times during 1993-1997. Three plots were established in each of the three forest types high restinga, low restinga, and tahuampa, characterised in part by an annual inundation of one, two and four months per year, respectively. Stem density varied from 446 to 601 per hectare, and the basal area ranged between 20 and 29 m 2 /ha. A total of 321 species were recorded in the nine hectare sample, with 88-141 species in each 1 ha plot. Species composition indicated a relatively low similarity between the forest types. Plots with the longest flooding contained the most species, expressed both as per unit area as well as per 1000 stems. The flood plain forests contained fewer tree species than adjacent non-flooded terra firme forest. Family importance values were calculated for each forest. In all three forests Leguminosae, Euphorbiaceae, Annonaceae and Lauraceae were important. The Moraceae family was conspicuous in both high restinga and low restinga. The Arecaceae and Meliaceae were notable in high restinga, as was Rubiaceae in low restinga. Lecythidaceae, Sapotaceae and Chrysobalanaceae exhibited relatively high values in the tahuampa forest. High species importance values were obtained for Maquira coriacea, Guarea macrophylla, Terminalia oblonga, Spondias mombin, Ceiba pentandra, Hura crepitans, Eschweilera spp., Canipsiandra angustifolia, Pouteria spp., Licania micrantha, Parinari excelsa and Calycophyllum spruceanum. Among the species of smaller stature, Drypetes amazonica, Leonia glycicarpa, Theobroma cacao and Protium nodulosum attained high values.
The present study contributes basic data on floristic composition and structure of flood plain forests of the lower Rio Ucayali region in the Peruvian Amazon. Flood plain forests were selected for the study because they are of considerable socio-economic importance (e.g. Hiraoka, 1985; Phillips, 1993; Kvist et al., 2001a) , and provide considerable amounts of timber harvested in the Amazon (Macedo and Anderson, 1993; Ros-Tonen, 1993; Barros and Uhl, 1995) . The study forms part of a research project aiming to provide knowledge on ecological, socio-economic, and management aspects of Peruvian flood plain forests. Permanent sample plots provide the basis for floristic and structural studies, and for studies and models of forest dynamics. Trees identified within the plots also formed the basis for interviews with local informants about the use-values of different tree species on the flood plains (Kvist et al., 1995; Kvist et al., 2001 a,b) .
Three permanent sample plots were established at each of three locations, representative of three flood plain forest types (Encarnacion, 1985; Encarnacion, 1993; Freitas, 1996a) . To facilitate comparison with other studies, considerations in this paper are restricted to the overstorey, which in this case is defined as plant individuals equal to or larger than 10 cm diameter at breast height (DBH). The floristic composition and structure of the understorey in restinga forests is described by Nebel et al. (2001) . Table 1 summarises some of the existing floristic and structural data from Amazonian flood plain forests, and shows the considerable variability of these forests.
Study area
The study was undertaken in the northeastern Peruvian department of Loreto, part of the Amazonian lowland. Permanent sample plots were established in the zones of Braga-Supay and Lobillo, which are located approximately 10 km east of the municipal town of Jenaro Herrera (4°55'S, 73°44'W). General aspects of the study area, including a key to flood plain vegetation types, are described by Kvist and Nebel (2001) . Lopez and Freitas (1990) reported that the vegetation in the Braga-Supay and Lobillo zones was riverine forest associated with flood plain levees, while Lamotte (1990) described floristic composition and forest succession in relation to landscape forms on an island located in the Rio Ucayali close to the study area.
The vegetation studied at Braga-Supay was high and low restinga forest, while that at Lobillo was tahuampa forest (Kvist and Nebel, 2001) . All the forests appeared to be undisturbed by humans, although trees of the most valuable commercial species may have been logged some decades ago. During high water, starting in September and peaking in April (Fig. 1) , both sites are inundated by white water flowing in from the turbid Rio Ucayali.
The approximate level of the terrain within the three forest types is indicated in Fig. 1 , where a relative scale contrasts topography with corresponding average, maximum and minimum monthly water levels in the Rio Ucayali at Jenaro Herrera from September 1987 to February 1997. During this period the average annual flooding in the high restinga, low restinga, and tahuampa sites was around one month, two months, and four months, respectively. The pattern of water level fluctuations at Jenaro Herrera resembles observations from the Amazon River at Iquitos (Kvist and Nebel, 2001 ). Junk (1989) and Irion et al. (1997) stress that in an ecological context unusually long periods of wetness or dryness are probably much more decisive than the average water fluctuations.
Soils at the three study sites were entisols (Andersen, 1995) : on the high and low restinga Typic Hydraquents, and in the tahuampa forest Tropic Fluvaquent. They were characterised by little faunal activity in all horizons. An upper A horizon of 5-10 cm lay above a B horizon stretching down to approximately 150 cm. The B horizon had a high clay content (generally exceeding 50%), but the fraction of sandy material increased with depth. In two of the profiles a sudden change to almost pure sandy material was observed at approximately 100 cm depth, indicating that the particle size distribution is influenced by the river dynamics in the area. Table 2 shows results from analyses of horizons in the soil profiles of the three forests. These results are comparable to varzea soil properties reported from the Brazilian Amazon by Furch (1997) . Keel and Prance (1979) this forest was erroneously classified as igapo: the correct classification is varzea. c According to Klinge et al. (1989) this forest was erroneously classified as varzea the right classification is igapo. d Cited from Klinge et al. (1989) . e Cited from Campbell et al. (1986) . 
Materials and methods
Between July and November 1993 nine 1 ha permanent sample plots were established. Six of these were located in the restinga forests at Braga-Supay, with three plots in the low, and three in the high restinga. Three plots were established in tahuampa forest at Lobillo. Plots were 100 m x 100 m, except for one plot in the high restinga which was 80 m × 125 m to conform with the topography at the location. Trees and lianas bigger than 8.5 cm were numbered with aluminum tags and their coordinates and DBH were measured. We chose a girth limit well below that desired for our analyses (10 cm DBH) to ensure the availability of at least one prior measurement for all recruits. Many of the palms retained leaf bases, and the diameter of these trees could not be determined by direct measurement. In such cases, we used the average DBH of conspecific trees without leaf bases. The total and commercial bole heights were estimated for all trees. In addition crown position and crown form were evaluated according to Dawkins classification (Alder and Synnott, 1992) .
All individuals were identified in the field during plot establishment. Voucher specimens were collected from individuals where a proper field identification could not be made (approximately 62% of the individuals represented). These specimens were identified at the Herbarium at the University of Aarhus (AAU) in Denmark. For most of the families and genera the specimens were sent to taxonomic specialists for identification. Individuals that died during the period from plot establishment to collection took place, where it has not yet been possible to make an identification, or where the voucher has been lost were recorded as unidentified at family, genera or species level. Doublets were collected from most of the individuals and deposited at the Centro de Investigaciones Jenaro Herrera, at the Herbarium Amazonense in Iquitos (AMAZ), and at the University of San Marcos in Lima (USM). ° Based on Andersen (1995) .
Family importance value (FIV) and species importance value (SIV) were calculated for individual plots, forest types as well as for all plots together. FIV and SIV were calculated from the formulae below according to Mori et al. (1983) and McIntosh (1950, 1951) , respectively.
Relative diversity = 100 x (number of species of a family)/(total number of species of the sample)
Relative density = 100 x (number of individuals of a family)/(total number of individuals of the sample)
Relative dominance = 100 x (basal area of a family)/(total basal area of the sample) FIV = relative diversity + relative density + relative dominance Relative frequency = 100 x (number of sample units containing a species)/(sample units for all species of the sample)
Relative density = 100 x (number of individuals of a species)/(number of individuals of the sample)
Relative dominance = 100 x (basal area of a species)/(total basal area of the sample) SIV = relative frequency + relative density + relative dominance
The number of sample units in which individuals of a species occur was used to calculate the relative frequency. In this study, the 1 ha plots were divided into 25 sample units. For unidentified specimens it was assumed that they were already represented in a sample unit, and consequently they did not count in the frequency calculations.
The similarity of forest types with regard to species composition was assessed using the Jaccard and Sorensen coefficients as described by Greig-Smith (1983) and Sorensen (1948) . A coefficient of 1 means total similarity between communities.
Jaccard coefficient = (number of shared species)/(total number of species in community 1 and 2) Sorensen coefficient = (2 x number of shared species)/(species of community 1+species of community 2)
Results

Density, basal area, species richness, and species evenness
There was a considerable variation in stem number per hectare between the various 1 ha plots (446-601), with the highest density found in low restinga (Table 3 ). The distribution of diameters is illustrated in Fig. 2 .
The highest basal area was almost 28 m 2 /ha in the tahuampa forest, while there was approximately 24 m 2 /ha in the restinga forests. Fig. 3 shows the distribution of basal area by diameter classes. The height distribution of the individuals of each forest type is shown in Fig. 4 . Figs. 5 and 6 indicate the distribution of individuals and tree sizes by species. Species were ordered according to their share of individuals and basal area, so that species with the highest number of individuals or basal area were counted first. Thus, the species ranking differed in Figs. 5 and 6. In the tahuampa forest, a few Eschweilera species accounted for a high proportion of individuals and of basal area, reflecting the dominance of this genus in these forests. In all forest types, the plot of cumulative basal area (Fig. 6 ) curved more than the plot of tree numbers (Fig. 5) , reflecting that the biggest trees comprised a few species, and that the smaller individuals contributed much of the biodiversity.
Non-overlapping 1 ha plots established in the same vicinity within any of the three forest types were likely to have only 40-60% of the species in common. It is likely that species saturation was not reached within sample areas of one hectare, although it may indicate that these forests were not well defined types (Table 4) . Table 5 shows that a considerable proportion of the total number of species identified in the study were present only within one forest type. The number of unique species was highest for the tahuampa. Fifty percent of all species recorded in this study were only found within one of the forest types. Table 5 suggests that the typology adopted in this study was realistic, since around half of the species were found in only one of the forest types. Only 3% of the species were common to both high restinga and tahuampa, while 13-17% were shared between high and low restinga and between low restinga and tahuampa. This suggests that high restinga and tahuampa form floristic extremes. The Jaccard and Sorensen coefficients indicate a low similarity in terms of species evenness, with the lowest coefficient obtained for the high restinga and tahuampa. Fig. 7 . Species-area curves for high restinga (solid), low restinga (dashed), and tahuampa (dotted) forests. Bottom extended curve (i.e. >3 ha) shows forests in the order high restinga, low restinga, and tahuampa. Upper extended curve shows forests in the order low restinga, tahuampa, and high restinga.
Species-density
Species-area curves showing the number of species recorded for different sample areas are presented in Fig. 7 for each of the three forests as well as for the three forests combined. No asymptotic tendency was evident within the three ha assessed for the individual forest types (except perhaps for high restinga). There was some suggestion that the slope of all curves decreased at about 1 ha, but this may be an artifact of sampling since non-contiguous 1 ha plots were used. When data from all three forests were combined, a steady increase in the number of species was evident, except for kinks at three and six hectares where new forest types were introduced. The number of species present within a given area may be influenced by the stem density of that area, but in this study relatively similar curves were obtained from the plot of species versus stem number (Fig. 8) . Figs. 7 and 8 revealed that the difference between forests in species richness could to some extent be explained by differences in stem density. However, for equal stem densities the highest species number was still found in low restinga and tahuampa. Table 6 illustrates the relative importance of families present in the study. Corresponding values for species were given in Appendix A. (dotted) forests. Bottom extended curve (i.e. >3 ha) shows forests in the order high restinga, low restinga, and tahuampa. Upper extended curve shows forests in the order low restinga, tahuampa, and high restinga.
Importance values
Discussion
Forest structure
The density was highest in low restinga (566 per hectare) and lowest in the high restinga (456 per hectare). Comparable studies in other Amazonian flood plain forests provided data in the range 417737 (Table 1) , consistent with the present study, and with other studies in a broader context (e.g. Brunig, 1983; Bongers et al., 1988; Brinson, 1990; Lieberman and Lieberman, 1994; Richards, 1996; Thomsen, 1997) .
Contrary to this the basal area at Braga-Supay and Lobillo was somewhat lower than the values of more than 30 m 2 /ha measured in various other Amazonian flood plain forests (Table 1) in Ecuador (Balslev et al., 1987) and Brazil (Worbes, 1983; Campbell et al., 1986; Worbes, 1986; Ayres, 1995) . The flood plain forests of the present study were at the lower end of the common range presented by Brinson (1990) for riverine forests, and compared with his average of 37.8 m 2 /ha. Similarly, our basal areas were consistent with those in non-flooded tropical rainforests (e.g. Brunig, 1983; Swaine et al., 1987; Bongers et al., 1988; Lieberman and Lieberman, 1994; Richards, 1996; Thomsen, 1997) . The basal area distribution across diameter classes (Fig. 3) showed a decline in the higher diameter classes. This contrasted the observations for unlogged natural rain forests in Sarawak (Malaysia), where Korsgaard (1992) observed a close to constant share of basal area over 5 cm diameter classes in the range 10-60 cm. Assuming that a similar distribution could be present in the Braga-Supay and Lobillo flood plain forests, this may be an indication that the forests were still in a succession development, or that some of the large trees were removed.
The most abundant 10% of species accounted for approximately 50% of the individuals in the restinga forests and 60% in the tahuampa forest (Fig. 3) . Similarly, the most dominant 10% of species accounted for 60 and 70% of the basal area, respectively. Comparable patterns were found by Balslev et al. (1987) . It is worth noticing that in the tahuampa a few species accounted for more individuals and basal area than in the restinga forests in spite of a relatively high species number in this forest type.
The size distribution of individuals (Fig. 2) followed the reverse J-pattern, normally observed in natural forests (e.g. Brunig, 1983; Richards, 1996) . In the higher diameter classes the tahuampa forest had a higher proportion of individuals than the restinga forests, and the distribution of basal area followed a similar pattern (Fig. 3) .
The heights of the Braga-Supay and Lobillo forests were comparable to the Amazonian flood plain forests studied in Ecuador by Balslev et al. (1987) , in Venezuela by Colonnello (1990) , and in Peru by Freitas (1996a) . In contrast to these results a study of a flood plain forest at Manaus showed that almost all trees were less than 30 m high (Campbell et al., 1986) . Table 7 contrasts the FIVs for the ten most important families in a Brazilian varzea forest located close to Manaus (Campbell et al., 1986) , in a varzea forest of the Ecuadorian Amazon (Balslev et al., 1987) and of the forests of this study.
The high restinga seemed to be characterised by the palms (FIV = 31), which were much less important in the low restinga, and were completely absent from the tahuampa (except for species smaller than the 10 cm DBH limit of this study). The high restinga was further characterised by a high value of the Meliaceae (FIV = 14). Sapotaceae (FIV = 14) and Chrysobalanaceae (FIV = 23) were abundant in the tahuampa. The low restinga had features in common with the high restinga and the tahuampa, apart from the abundance of Rubiaceae (FIV = 20).
Ecuadorian flood plain forests were rather similar in familial composition (Table 7) ; especially with the high restinga forest where seven of the ten most important families of both forests were shared and had comparable FIVs. The Brazilian flood plain forest seemed considerably different from the forests of this study as well as from the Ecuadorian flood plain forest (Table 7) , as it was completely dominated by the families of Leguminosae, Violaceae, Tiliaceae, and Euphorbiaceae. However, studies by Worbes (1983 Worbes ( , 1986 Worbes ( , 1997 and Worbes et al. (1992) indicated that there is floristic variation among the flood plain forests of the central Amazon, as other families than the four leading mentioned by Campbell et al. (1986) were important in terms of diversity and density in igapo and varzea forests in the Manaus area.
Another study of three Brazilian flood plain forests at Tefe (Ayres, 1995) suggested that Leguminosae, Euphorbiaceae, Annonaceae, Lecythidaceae, and Moraceae were among the ten most abundant families. Lauraceae, Bombacaceae, and Meliaceae were much more prevalent in the forest less exposed to flooding, while Sapotaceae and Chrysobalanaceae became relatively more frequent in the forests flooded for a longer period. This pattern was much like that of the forests of Braga-Supay and Lobillo. Gentry (1988) stated that Leguminosae is virtually always the most diverse family in neotropical and African lowland primary forests. Exceptions are neotropical forests on extremely rich soils where Moraceae becomes very species rich. Palm species also tend to be abundant on nutrient rich soils, whereas on poorer soils families like Burseraceae, Lauraceae, and Sapotaceae are more prevalent. The results from Braga-Supay and Lobillo were generally consistent with this pattern. However, the Moraceae added most to diversity at high restinga and became less species rich over low restinga and tahuampa. Conversely, the families of Lauraceae and Sapotaceae became increasingly species rich from high restinga over low restinga and tahuampa. All sites were nutrient rich (Table 2) ; consequently it appeared that the diversity verus fertility pattern observed by Gentry (1988) is related to inundation period in the Braga-Supay and Lobillo areas. Table 7 . Family importance values (FIV) for the 10 most important families in Amazonian flood plain forests of Brazil (Campbell et al., 1986) , Ecuador (Balslev et al., 1987) , and Peru (this paper) a Campbell et al. (1986) Balslev et al. (1987) Flood plain forests in Manu were floristically distinct from other neotropical lowland moist forests because of the relative absence of families like Lecythidaceae, Chrysobalanaceae, Vochysiaceea, and Burseraceae (Foster, 1990) . We found a similar pattern, except that several species of Chrysobalanaceae were present, especially in the tahuampa forest, where the Lecythidaceae also dominated.
Species importance value (SIV)
In the high restinga, the large trees Maquira coriacea, Guarea macrophylla, Terminalia oblonga, Spondias mombin, Ceiba pentandra, and Hura crepitans were all notable and characterised by high relative dominance, especially when compared to their relative density (Appendix A). The palm species Scheelea brachyclada dominated the high restinga, which was remarkable for a monocotelydoneous species in the forests of this study. Some other notable species in the lower strata of the high restinga were Drypetes amazonica, Leonia glycicarpa, Theobroma cacao, Protium nodulosum, and several Annonaceae species. For most of the species the relative frequency was more or less equal to the relative density.
The tahuampa was dominated by Eschweilera turbinata and Eschweilera parvifolia, both of which had high relative densities. Some of the larger important trees in this forest were Campsiandra angustifolia, Pouteria spp., Licania micrantha, Parinari excelsa, and Luehea cymulosa, which all attained high relative dominances (cf. relative densities). These species tended to be confined to the tahuampa, and were associated with other important species such as Tapura sp., and Duguetia spixiana, which both had high relative densities. The species common to both tahuampa and high restinga included M. coriacea and D. amazonica.
The low restinga was characterised by the comparatively high importance values for Calycophyllum spruceanum, Zygia juruana, Mouriri grandiflora, Alchornea schomburgkii, and Xylopia micans (Table 8) .
Species richness and species evenness
Amazonian flood plain forests normally contain fewer species than their non-inundated counterparts of the same region (Gentry, 1982 (Gentry, , 1986 Campbell et al., 1986; Balslev et al., 1987; Junk, 1989; Dumont et al., 1990; Freitas, 1996a Freitas, , 1996b Worbes, 1997) . The studies summarised in Table 1 also recorded relatively few species. In the present study we found it tempting to compare the occurrence of 279 tree species occurring in the nine 1 ha plots in Braga-Supay and Lobillo with the results from the Arboretum of Jenaro Herrera established nearby in nine hectare of non-flooded natural terra firme forest, where a total of 386 tree species with a diameter exceeding 10 cm DBH were recorded (Spichiger et al., 1989; Spichiger et al., 1990) . Since the flood plain forest plots were located in three distinct habitats, the diversity may have contributed a relatively high component of species richness. This contention was supported by the number of species confined to one of the forest types (Table 5 ). The Arboretum of Jenaro Herrera was located on a more homogeneous site, so more comparable samples may indicate a greater difference in species numbers. Our results supported the general impression mentioned by other workers: that Amazonian flood plain forests are less species rich per unit area than adjacent terra firme forest. The stresses imposed by flooding (e.g. Gill, 1970; Crawford, 1982; Junk, 1989; Armstrong et al., 1994) , are possible causes of the relatively lower species richness of flood plain forests (Brinson, 1990; Worbes, 1997) . This would be in accordance with Richards (1969) , who stated as a general rule that locations with relatively unfavourable growth conditions tend to be less species rich than those with more optimal conditions. Ayres (1995) and Worbes (1997) mentioned that in general the species richness increases with: (1) succession, (2) decreasing fertility, and (3) decreasing flood stress. In the forests at Braga-Supay and Lobillo, located on sites with comparable soil fertility and flooded by water from the same river, the species richness increased with the length of the flooding period. The lowest species richness occurred on the high restinga. The diameter distribution and occurrence of large individuals of non-pioneer species suggested that the forests were not of recent origin. However, the high importance value of Cecropiaceae and the presence of larger C. spruceanum in the low restinga indicated that it was relatively young; at least as compared to the high restinga forest where C. spruceanum was absent, except as regeneration in large clearings. The high restinga appeared to be a later succession stage than low restinga. However, its lower species richness was at odds with the proposition of Ayres (1995) and Worbes (1997) . Notwithstanding this example, other flood plain sites in the region with poor drainage do tend to be more species-poor (Freitas, 1996a) . 
